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Abstract. In the implementation of the emergency vehicle dwelling location 
optimization process, different approaches in definition of the distances between two 
locations are possible. The distances can be treated as Euclidian, road network routed 
or time distances. The main question is how the choice of different type of distances 
used affects  the quality of the optimization solution. In this study, using the same data 
set and identical method, three different types of distances are used and the results are 
compared. For the purpose of comparison and evaluation of the quality of the obtained 
solutions, an innovative definition of a parameter named the saving ratio is proposed. 
On the basis of that parameter, quality of the obtained optimization solutions is 
quantified and estimated. In the previous works of the same authors, extensive 
algorithm to resolve the problem of p-median is designed. That algorithm, named GA-
GISLAB, is used as a test bed optimization method. It performs relocation of vehicle 
resources in the road traffic based on the modified Genetic algorithm. Assessment of 
the impact of different types of distances to the quality of the optimization solution was 
performed using historical data from automatic vehicle location system. 
Key words: Euclidian, routed and time distances, p-median problem, relocation of 
vehicles in the road traffic. 
1. PROBLEM DEFINITION 
As part of comprehensive project in the field of spatial modeling based on GIS 
(Geographical Information System) and using the advanced AVL (Automatic Vehicle 
Location) component of the GPS/GPRS (Global Positioning System/General Packet 
Radio Service) tracking devices, emergency vehicle allocation and relocation optimization 
module GA-GISNIS was developed at the Department of Computer Science, Faculty of 
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Electronic Engineering, University of Niš. In addition to theoretical considerations, a 
complete vehicle tracking solution was implemented for Emergency medical service in 
Niš, Serbia, as the main beneficiary. 
For the purpose of resolving problems of emergency vehicles allocation and 
relocation, the distance between locations can be considered in three different ways. First 
is straight line (Euclidian distance), second is the length of the path taken along road 
network (routed distance) and third is the time needed to reach the one location starting 
from another (time distance). The aim of this paper is to evaluate impact of these different 
types of the distances on the quality of the optimization solution. The appropriate 
parameter had to be defined to assess the influence and estimate to what extent different 
type of used distance influences the optimal solution. 
2. MATHEMATICAL REPRESENTATION 
The mathematical representation of the problem which is the subject of the research in 
this work is a classical problem of the location optimization. The problem to identify p-
facilities, to minimize distances, required to provide a service to n-destinations, is well 
known as a p-median problem. According to the fact that this problem is classified as 
non-deterministic polynomial-time (NP) difficulty, required time and memory for 
obtaining solution is not known in advance. Contemporary meta-heuristic methods are 
used as a common approach to reach the semi-optimal solution. The generally adopted 
representation of p-median problem is given as following: find minimum of (1):  
 
 Ii Jj
ijijj yd  (1) 
where j is weighting factor of location j, while dij is an distance between location i of 
vehicle dwelling location and location j as one of the observed n service destinations. 
This problem is well defined and probably represents one of the most often considered 
issues in the field of location optimization. Different approaches in solving this problem 
range from S. L. Hakimi [1], C. ReVelle and R. Swain [2], M. B. Teitz and P. Bart [3], P. 
J. Densham and G. Rushton [4], E. L. F. Senne and L. A. N. Lorena [5], P. Hansen and N. 
Mladenović [6], K. E. Rosing and C. S. ReVelle [7], to the contemporary meta-heuristic 
methods like Genetic algorithm, described in works of C. M. Hosage and M. F. Goodchild 
[8] and O. Alp, E. Erkut and Z. Drezner [9]. 
Emergency medical service and problems of the allocation and relocation of 
ambulances is also often considered as a domain specific application of this problem. 
Some of the most cited and comprehensive works are from P. Kolesar, W. Walker, J. 
Hausner [10], S. Budge, A. Ingolfsson, D. Zerom [11] and M. Reinthaler, B. Nowotny, F. 
Weichenmeier [12]. 
The well documented algorithm for resolving appropriate p-median problem, related 
to relocation of ambulance vehicles is described in details in the previous works of the 
authors of this paper [13], [14], [15]. The proposed algorithm is implemented in three 
independent phases: the first phase is extraction of vehicle destinations from the database 
which is an integral part of vehicle tracking system (AVL). Extraction is realized by 
executing series of SQL-queries defined by limited period of time in which fleet of 
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vehicles is observed. Applied sequential analysis use several pre-defined criteria and we 
come to the set of n locations which represent destinations of individual ambulance 
vehicle interventions. We find that all these destinations are destinations of vehicle 
individual drives, in the observed period of the time. At the end of the first phase we 
construct nxn matrix of distances M(n, n) and introduce a weight factor. In i-row and j-
column an individual matrix element dij is placed, and that element represents distance 
from the destination node i to the destination node j multiplied by j - weight factor of 
node j. 
In the second stage of the algorithm we introduce p service locations as parking places 
in which we want to set p vehicles. The main goal is to shorten the total time required to 
handle users of service, placed into n destinations. The objective of the second phase is to 
get the initial solution as a starting point for the meta-heuristic procedure which will be 
executed in the final stage. Initial solution is obtained through direct calculations based on 
the „greedy-adding-method‟ and „node-substitution-procedure‟. This phase is limited to 20 
iterations. Between 20 candidates, we choose the best solution and move into phase three. 
During phase three, modified Genetic algorithm is used and semi-optimal solution is 
delivered. The specific parameters of proposed Genetic algorithm ensure the rapid 
convergence and reduce risks of returning a local minimum as a final solution. The 
execution of the Genetic algorithm is limited to pre-defined number of generations, and 
for the purpose of this study we adopted a number of generations to be restricted to 100. 
3. PRACTICAL ASPECTS AND METHOD OF QUALITY ASSESSMENT 
As the result of the first phase of algorithm implemented in GA-GISLAB module, 
longitudinal and lateral geographical coordinates of n locations are delivered. These 
coordinates define locations of ambulances and users of emergency medical service during the 
observed time interval. Using these coordinates, it is possible to determine the distance 
between locations and get data required to populate the matrix of distances. The matrix 
can be populated in three ways: 
I) Calculating the shortest distance as a straight line and it is then the Euclidian distance. 
Using this approach at a larger area, the curvature of the earth‟s surface had to be taken in 
consideration. But, for the area which is the subject of our interest, we can use approximate 
computations of Euclidian distance, between two points, defined as: (x1, y1) and (x2, y2), 
as follows: 
 
function distance(x2, y2, x1, y1) 
 Dim dlat, dlong 
 dlat = Int(Abs(y2 - y1) * 0.111111) 
 dlong = Int(Abs(x2 - x1) * 0.111111 * Cos(y2 * 0.000001)) 
 distance = Sqr((dlat * dlat) + (dlong * dlong)) 
end 
 
where dlat and dlong represent differences of longitude and latitude components of 
coordinates, between two locations: (x1, y1) and (x2, y2). 
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II) Instead of the Euclidian distance between the two observed locations, it is possible 
to observe the distance as length of the path, taken along the existing road network. In this 
case, we are talking about routed distances, instead of Euclidian distances, between 
locations. For the purposes of research implemented in this work, routing is performed 
using the Garmin Base Camp, Ver.4.3.4, 2008-2014 Garmin Ltd. software, which allows 
tabular input of coordinates and delivers information about the route and the time. We used 
the road network defined in the map City Navigator Europe NT 2014.3 Ver.17.30 NAVTEQ. 
Calculating the routed distance, in practice, adds an extra step (as preprocessing phase) in 
preparation of input data for the second and third phase of the optimization algorithm. 
III) The third method of populating the distance matrix, implies that we abandon the 
two dimensional plane of observing the geographical position of the locations, and shift 
into the time domain. Now, the distance between two points is defined as the time needed 
to reach assigned destination. Data related to the time distances are provided in the same 
manner as data obtained for purpose of the routed distances. We use the same software 
and the same map from Garmin Ltd., as we used in case of the routed distances. 
To estimate the quality of the offered allocation solution and the redeployment of the 
vehicles, we had to define a separate parameter to quantify the quality of the optimization 
solution. We need some kind of efficiency coefficient, to compare costs before and after 
introducing process of the optimization. 
We start with the situation as there is no optimization involved, and it is our initial 
state. If the ambulances each time start moving from the central garage and visit all n 
destinations, we deal with total cost Ctot. If we apply achieved semi optimal solution and 
cover all n destinations staring from the proposed optimal p parking places we lowered 
total distance and total cost is now Copt. Introduced efficiency coefficient had to exclude 
the direct impact of the absolute values to its size. So, we proposed following definition of 
"saving ratio" as relative value, described in (2): 
 Sr = Copt/Ctot * 100 (%) (2) 
The saving ratio Sr gives percentage in which we succeeded to decrease the cost of the 
initial solution. We assume that the initial solution represents 100% and Sr gives achieved 
gain in savings after introduction of the semi optimal solution. As the saving ratio is 
quotient of Copt and Ctot, it isn‟t influenced by the type of the distances used also. 
4. GENERATED SOLUTIONS AND ANALYSIS OF OBTAINED RESULTS 
The comparative advantage of approach applied in this work is the fact that we deal 
with data obtained from the archived database of AVL system, which is in use for several 
years. The information about destinations in the particular case discussed in this work is 
extracted from the database where everyday drives of medical emergency vehicles were 
recorded during the period from 01.09.2014 to 10.09.2014. During that period, the fleet 
of ambulances of the Emergency medical service in Niš (Serbia) was observed. The 
analysis and the algorithms which can be found in the available literature, related to 
similar optimization tasks, are commonly realized on artificially generated input data. The 
influence of different types of distances between destinations to the quality of generated 
solution is analyzed in the case of selected 60 destinations. We started with a situation 
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where all vehicles travel from the central garage of Emergency medical service and after 
intervention, the vehicles returns, using the same route. The starting cost (Ctot) in the case 
of 60 destinations and the Euclidian distance between destinations is calculated, taking in 
account the geographical distribution of locations, as it is shown in Fig. 1. The amount of 
total cost is 255,387.00 meters. 
Fig. 1 The Euclidian distances to 60 destinations 
Fig. 2 The routed distances to 60 destinations 
 
Identical 60 destinations visited from the central garage, but now with the routed 
distances between destinations, are shown in Fig. 2. The total initial distance or Ctot is 
now: 293,155.00 meters. As we expected, this value is larger than value of Ctot, displayed 
in Fig. 1. 
If we shift into the time domain, total starting cost is 533.00 minutes and this cost is 
obtained also according to the same routed paths shown in Fig. 2. 
The comparative presentation of distances and corresponding costs is shown in Fig 3. 
It is the same group of data already presented in Fig. 1 and Fig. 2. Tabular form gives 
better insight in regularity, and scale of changes related to Ctot. Also, we can see changes 
and interdependence between all three different types of the distances. It is obvious, that 
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the Euclidean distances are shortest and differences from corresponding routed distances 
vary, related to road network density, coverage and shape of the urban and suburban 
areas. 
 
Fig. 3 Values of Ctot corresponding to the different types of used distances 
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Fig. 4 Optimization solutions for three different types of the distances 
200 Ĉ.B. VASIĆ, B.B. PREDIĆ, D. D. RANĈIĆ 
 
In the case of Euclidian distances, total cost Ctot was calculated as the sum of the 
values of distances between each pair of the locations, while in the case of routed and time 
distances Ctot is obtained using the routing preprocessing procedure, performed on the 
predefined road network. The routed and time distances from the central garage to each of 
the 60 destinations, could be obtained from the database also. During the daily routine and 
monitoring of the tracks of the vehicles, in the addition to the coordinates, the time and speed 
tuples are recorded for the every single sampling point. Finding the total time distance between 
the central garage and each individual destination, based on historical information is possible, 
for all three different types of distances, used by the optimization process. Therefore, it is 
possible to calculate baseline Ctot using historical database information. However, for the next 
step of filling distance matrix M(n, n) historical database does not contain all necessary data. 
If we rely on the data from the history extracted from the database, we can get only 
information sufficient to calculate the initial cost, but we have no data which are necessary to 
find distance from the n-th location to all other n1 locations. As in following analysis, we 
compare Ctot and Copt, but it is not advisable to compare the values obtained from the 
uncomplimentary sources. So, for the initial solution in the case of the routed and the time 
distances we start with the initial costs obtained by the adopted routing procedure. 
When the matrix of the distances M(n, n) is completed and populated with data, we 
are ready for the next processing step, performed by the module GA-GISLAB. We 
assume that 5 vehicles are available, during one shift, and we looking for 5 optimal 
locations, as a parking places. From these parking places, the time necessary to visit all 60 
destinations is expected to be minimal. The Fig. 4 shows the geographical positions of 
proposed parking locations for all three cases: Euclidian, routed and time distances 
between destinations. Phase two of the algorithm was limited to 20 iterations and in phase 
three, Genetic algorithm was limited to 100 generations. When the last generation is 
examined, execution of the program module GA-GISLAB ends. 
The results of all 120 steps, of the second and the third stage of the algorithm are 
shown in Fig. 5, for each of the three different types of distances used. 
Fig. 5 shows changes of the total cost and saving ratio in every single step. For the 
purpose of better visibility, changes of the saving ratio are also shown in Fig. 6. 
The best saving ratio is in the case of Euclidian distances and amount is approximately 
44%. When routed distances are used, maximum achieved saving is 47%, whereas, when 
we used time distances, saving ratio is 52%. These kinds of results are expected, as use of 
Euclidian distances provides mathematically consistent and compact matrix elements and 
high efficiency of the data in same time. The inferior amount of saving ratio in the case of 
calculations in the time domain can be partly explained by the inherent nature of the time 
distances. 
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Fig. 5 The values of Copt and Sr   different types of distances 
Fig. 6 The convergence of Sr   different types of distances 
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If we look to the behavior and the final amount of the saving ratio, the conclusion is 
that the difference in amounts in the case of the Euclidian and in the case of the routed 
distances is not so significant, if we keep in mind contribution of both methods, to the 
process of decreasing amount of the initial cost. This conclusion confirms the practical 
usefulness of the Euclidian distances in solving problems of this type, especially if the 
main goal is the speed and efficiency of the whole process of finding the optimal solution. 
It should also be noted that the preprocessing as additional operation on the input data to 
find routing distances, increases the time and memory complexity of the algorithm. 
The geographic locations of the solutions, obtained in all three cases of using different 
types of the distances, are shown simultaneously in Fig. 7. 
 
Fig. 7 Solutions related to the different types of the destinations - simultaneously 
It is interesting to note that certain areas are proposed as candidate members of the 
final solutions in all three different cases. This is especially true for the areas in Fig. 7 
marked with numbers 1 and 2, and to a lesser extent, this is also true for the area marked 
with number 3. It is obvious that these areas are excellent candidates for parking places of 
ambulance vehicles, no matter which type of the distances is used in the optimization 
process. 
It is interesting to analyze behavior of the cost after crossing-over of the final optimization 
results for different types of the distances. In the matrix filled with routed distances, we will 
inject the final solutions obtained by using the Euclidean and the time distances. In this way, we 
will be able to effectively estimate in what percentage optimization ratio is corrupted by 
using the Euclidean distances. So, we will precisely determine in what amount, routed 
distances are superior to Euclidian and time distances. We will use routed distances of the 
semi-optimal solution, already displayed in Fig. 4 and Fig. 5, with the total cost of 
136,352.00 meters and the optimization ratio of 46,51%. If solution obtained by using the 
Euclidian distances shown in Fig. 4 and Fig. 5 is injected into the matrix of the routed 
distances, we get solution of 161,915.00 meters and corresponding optimization ratio of 
55,23%. We can see that the inferiority of the Euclidean approach expressed in percentage is 
approximately 8%, which can be addressed to the speed of the algorithm and to the 
simplified approach. 
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When solution based on the time distances is injected in the matrix of the routed 
distances, we obtain a total cost of 139,094.00 meters and the corresponding optimization 
ratio of 47,44%. Obviously, in this case the total difference from the routed solution is 
negligible, and we can say that the quality of the routed and the time distances types of the 
input data are practically identical. This is shown in Fig. 8. 
Fig. 8 Sr and crossing-over of the different type solutions 
5. CONCLUSION 
If we monitor changes of the saving ratio, when different distance metrics are used in 
optimization process, it is apparent that there are differences in the efficiency of the 
solutions, generated by differences in types of data. But, the differences are not so significant 
in magnitude, and important in scale, to reject in advance any particular type of the input 
data. The routed distances reflect the realistic properties of the problem being solved; 
introducing influence of the road network, but this approach requires additional processing 
and additional computing resources. The inferiority of the Euclidian type of distances is 
evident, but backlog of the solution efficiency is not significant enough to dismiss this 
approach. The Euclidean distances justified its usage in practice, especially when speed and 
simplicity of the algorithm are imperative. The time distances approach gives results that 
practically coincide with the results obtained using the routed distances. This is a very 
interesting consequence, since time distance data can be directly calculated from AVL 
historical database, thus eliminating possibly computationally expensive step of routing over 
road network. 
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